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Accepted 18 August 2016; Published online xxxxAbstractObjectives: To determine a suitable approach to a systematic search for epidemiologic publications in bibliographic databases. For this
purpose, suitable sensitive, precise, and optimized filters were to be selected for MEDLINE searches. In addition, the relevance of biblio-
graphic databases was determined.
Study Design and Setting: Epidemiologic systematic reviews (SRs) retrieved in a systematic search and company dossiers were
screened to identify epidemiologic publications (primary studies and SRs) published since 2007. These publications were used to generate
a test and validation set. Furthermore, each SR’s search strategy was reviewed, and epidemiologic filters were extracted. The search syn-
taxes were validated using the relative recall method.
Results: The test set comprises 729 relevant epidemiologic publications, of which 566 were MEDLINE-indexed. About 27 epidemi-
ologic filters were extracted. One suitable sensitive filter was identified (Larney et al. 2013: 95.94% sensitivity). Precision was presumably
underestimated so that no precise or optimized filters can be recommended. About 77.64% of the publications were found in MEDLINE.
Conclusion: There is currently no suitable approach to conducting efficient systematic searches for epidemiologic publications in
bibliographic databases. The filter by Larney et al. (2013) can be used for sensitive MEDLINE searches. No robust conclusions can be
drawn on precise or optimized filters. Additional search approaches should be considered.  2016 The Author(s). Published by Elsevier
Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Epidemiologic data on diseases (prevalence, incidence,
and mortality) are indispensable in health economic evalu-
ations, for example, when determining background mortal-
ity or performing budget impact analyses. These data are
also indispensable for planning health care interventions
or determining the burden of disease in a population and
thus for health policy decision making.
In 2004, the German Institute for Quality and Efficiency in
Health Care (Institut f€ur Qualit€at und Wirtschaftlichkeit im
Gesundheitswesen [IQWiG]) was established to inform deci-
sionmaking in the German statutory health insurance system.
Initially, the main responsibility of IQWiG was to produceConflict of interest: None to report.
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0895-4356/ 2016 The Author(s). Published by Elsevier Inc. This is an open ac
licenses/by-nc-nd/4.0/).evidence-based benefit assessments (i.e., systematic reviews
[SRs]) of drug andnondrug interventions that had largely been
available in the market for several years. Since 2011, IQWiG
has also been conducting early benefit assessments of newly
approved drugs on the basis of dossiers provided by pharma-
ceutical companies [1]. These so-called dossier assessments
have to be completed by IQWiG within 3 months. In such
an assessment, IQWiGmust also estimate the size of the target
population likely to benefit from the new drug. For this pur-
pose, IQWiG uses prevalence and incidence data provided
in the dossiers. These epidemiologic data represent published
information fromvarious sources such as public registries and
medical journals and are relevant as a basis for price negotia-
tions between the statutory health insurance umbrella organi-
zation and the pharmaceutical companies.
Different sources can be used to identify descriptive epide-
miologic data. Public sources have a special status and should
be primarily searched as they are most likely to fulfill the
quality requirements for epidemiologic data (representative-
ness, completeness, etc.) [2]. The sources for German datacess article under the CC BY-NC-ND license (http://creativecommons.org/
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Key findings
 No suitable approach to conducting efficient sys-
tematic searches for epidemiologic publications
in bibliographic databases is currently available.
 The filter by Larney et al. (2013) can be used for
sensitive searches in MEDLINE.
What this adds to what was known?
 Handsearching additional sources to increase the
number of relevant publications should be considered.
What is the implication and what should change
now?
 Additional search approaches, such as combining
epidemiologic filters with country- or population-
specific search terms, should also be considered.
 It is still necessary to further develop search tech-
niques to make systematic searches more efficient.
2 S. Waffenschmidt et al. / Journalinclude the Federal Statistical Office [3], Robert Koch Insti-
tute [4], and European Center for Disease Control [5]. If
data from these sources cannot be used for the assessment,
epidemiologic publications need to be searched for in
bibliographic databases [2]. However, to the best of our
knowledge, no standard for this type of search has yet been
described in the literature. For instance, according to an
analysis from 2005 by Royle et al. [6] on the efficiency
of searching in support of SRs of the epidemiology of dia-
betes, no standardized approach exists for identifying
epidemiologic publications on diabetes. Furthermore, no
validated search filters for identifying epidemiologic publi-
cations (epidemiologic search filters) are available on well-
known Web sites for filters [7].
The desired performance of a filter varies, depending on
the objective of the search (sensitivity-maximizing approach,
precision-maximizing approach, or a balance between sensi-
tivity and precision [8]). In the latter text, the respectivefilters
are referred to as sensitive, precise, and optimized.2. Aim
The aim of the present study was to determine a suitable
approach to a systematic search for epidemiologic publica-
tions (primary studies and SRs) in bibliographic databases.
For this purpose, three different types of suitable filters (sen-
sitive, precise, and optimized) were to be selected for
searches in MEDLINE. In addition, the relevance of MED-
LINE and further bibliographic databases as a source for
epidemiologic publications was to be determined so thatconclusions could be drawn on which databases should
routinely be used.3. Methods
The approachwas divided into five steps (Fig. 1) following
the standards currently used for filter evaluation (e.g., suitable
evaluation methods and performance measures) [9].
3.1. Identification of relevant SRs
In November 2013, a systematic search for epidemio-
logic SRs was conducted in MEDLINE, EMBASE, the Co-
chrane Database of Systematic Reviews, the Database of
Abstracts of Reviews of Effects, the Cochrane Methodol-
ogy Register, and the Health Technology Assessment Data-
base. The corresponding search strategies are presented in
Appendix A (see on the journal’s Web site at www.
elsevier.com). Because of the large number of hits, the
search was restricted to three therapeutic indications. For
this purpose, an infectious disease, a metabolic disease,
and a neurologic disease (hepatitis C, diabetes, and multiple
sclerosis, respectively) were chosen for which new drugs
had recently been approved in Germany; these drugs are
thus highly relevant for IQWiG.
Eligible SRs were English- or German-language publi-
cations investigating an epidemiologic question and con-
taining data on the prevalence, incidence, or mortality of
hepatitis C, diabetes, or multiple sclerosis. As epidemio-
logic data change over time, it is essential that they are
up to date; only SRs published since January 1, 2007 were
therefore considered. The screening of titles and abstracts
as well as full texts subsequently selected was conducted
by two reviewers independently of one other. Disagree-
ments were resolved by consensus.
3.2. Documentation of the search syntaxes used
Each SR’s search strategy was reviewed, and those fil-
ters were selected that contained epidemiologic search
terms and were fully documented. In addition, a search
for epidemiologic search filters was conducted on the
Web sites of the Scottish Intercollegiate Guidelines
Network [10], the InterTASC Information Specialists’
Sub-Group [7], and of Orphanet, the portal for rare diseases
and orphan drugs [11]. Those filters that were fully repro-
ducible were extracted and, if necessary, adapted to the
database-specific syntax of MEDLINE (Ovid).
3.3. Generation of the test and validation sets
A test and a validation set were generated as the basis for
filter validation and for evaluation of the relevance of
selected bibliographic databases. Epidemiologic publica-
tions (primary studies and SRs) published since January
1, 2007 were considered. The type of publication was not
1. Identification of relevant systematic reviews
3. Generation of the test and validation sets
4. Validation of search syntaxes
Identification of
relevant
publications from
dossiers used in
early benefit
assessments of
drugs
Identification of relevant
publications from the reference
lists of systematic reviews
2. Documentation of the
search syntaxes used
5. Evaluation of the relevance of
bibliographic databases
Fig. 1. Approach to generating the test and validation set, validating the search syntaxes, and evaluating the relevance of bibliographic databases.
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literature were also considered.
Our approach was based on Sampson’s relative recall
approach, which uses relative recall instead of a hand
searching gold standard. This permits validation of a meth-
odologic filter using a collection of studies drawn from SRs
with comprehensive search strategies [12].
We used the pool of relevant SRs identified in step 1 (see
Section 3.1). Applying a pragmatic approach, all references
of studies included in the study pool of these SRs were ex-
tracted without prior screening as we assumed that they all
represented epidemiologic studies and thus fulfilled our in-
clusion criteria. This step was performed by one person. Sub-
sequently, all references included in Section 3.2 (‘‘Number of
patients with a therapeutically relevant added benefit’’) of the
69 dossiers submitted for early benefit assessment until June
16, 2014 were screened to identify epidemiologic publica-
tions (i.e., English- or German-language SRs or primary
studies investigating an epidemiologic question and contain-
ing data on prevalence, incidence, or mortality). This step
was also performed by one person. The duplicates retrieved
from the SRs and dossiers were then deleted. The remaining
publications formed the test set. From this set, only publica-
tions that could be identified in MEDLINE were used for fil-
ter validation (validation set).3.4. Validation of search syntaxes
To assess the search filters, sensitivity and precision were
determined for each filter (sensitivity 5 a/[a þ c];
precision5 a/[aþ b]). In this context, a represented the num-
ber of relevant articles retrieved by the filter and c the number
of relevant articles not retrieved. To be able to draw conclu-
sions on precision, it was also required to identify irrelevant
publications. For this purpose, the relevant epidemiologic pub-
lications from the validation set were deducted from the hits
retrieved in the MEDLINE search for the SRs on the threetherapeutic indications (line 13ofAppendixA, see on the jour-
nal’s Web site at www.elsevier.com). The remaining citations
were restricted to those published since January 1, 2007 and
linkedwith theBooleanANDoperator to the filter to be tested.
The resulting number of hits represents the total number of re-
sults retrieved for eachfilter (aþ b).We then used theBoolean
NOT operator to remove the validation set articles out of our
result set to determine b (number of irrelevant articles
retrieved). Because of this approach, the number of irrelevant
publications represented only a rough estimate as a basis for
the calculation of precision as the hits were not screened.
The sensitivity and precision of the filters were then
compared. The top-performing filter for each measure was
then chosen, as was the optimized filter (i.e., the filter with
the best optimization of sensitivity and precision). Because
of the approach selected for the calculation of precision, only
rough estimates were calculated that probably underestimate
precision and thus do not represent the true precision of a fil-
ter. This is why we additionally calculated precision ratios
for the top-performing and optimized filters.3.5. Evaluation of the relevance of bibliographic
databases
The test set was evaluated with regard to the relevance of
MEDLINE and additional bibliographic databases. In their
aforementioned analysis, Royle et al. [6] showed that
MEDLINE alone retrieved about 94% of the total articles
on diabetes epidemiology. We thus assumed that MED-
LINE is the most important bibliographic information
source for epidemiologic publications. In a first step, we as-
sessed whether the relevant publications of the test set
could be identified in MEDLINE. Publications not found
in MEDLINE were searched for in EMBASE, the Cochrane
databases, and the Web of Science. If a publication was not
identified in any of these databases, the document type was
determined (journal article or meeting abstract).
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The bibliographic literature search yielded 1,999 hits.
After deletion of 683 duplicates, the titles and abstracts
of 1,316 publications were screened, 1,218 of which were
classified as not relevant and excluded. The full texts of
the remaining 98 publications were then screened and a
further 35 excluded. About 63 SRs were thus included in
the final pool.4.1. Filter extraction
About 21 of the 63 SRs did not contain epidemiologic
search terms (Fig. 2). In a further 14 SRs, the search strat-
egy (including search fields) was not completely docu-
mented. In addition to the filters identified in the 28
remaining SRs, five filters were found on Web sites. In to-
tal, 27 different epidemiologic search filters were extracted.
If necessary, the syntax of these filters was adapted to that
of MEDLINE (Ovid).4.2. Generation of the test and validation sets
The reference lists of 2 [13,14] of the 63 SRs could not
be screened as the studies included were not adequately
documented. About 713 eligible epidemiologic publica-
tions were extracted from the remaining 61 SRs. An addi-
tional 104 eligible publications were extracted from the
69 dossiers (commissions A11-17 to A14-08). After the
exclusion of duplicates, a total number of 729 relevant pub-
lications were included in the test set for further analysis,
163 of which were not indexed in MEDLINE. The valida-
tion set thus contained 566 publications (Fig. 3).Fig. 2. Selection of epidem4.3. Filter validation and evaluation
The validation of all filters in MEDLINE (Ovid) is pre-
sented in Appendix B (see on the journal’s Web site at
www.elsevier.com). The filter with the best performance for
sensitivity was that by Larney et al. [15] (Table 1). The filters
with the best performance for precision and the optimization
of both measures were those by Royle et al. [6] as well as by
Jayawardena et al. [16] and Orphanet [17]. However, as
stated in Section 3, precision was presumably underesti-
mated. Therefore, instead of reporting the precision values
for each filter in Table 1, we reported the precision ratios.
For example, Royle et al. [6] was 7.7 times more precise than
Larney et al. [15]. The row sums for the performance of the
aforementioned four filters are presented in Appendix C (see
on the journal’s Web site at www.elsevier.com).
4.4. Relevance of bibliographic databases for
identifying epidemiologic publications
Of the 163 publications of the test set that were not identi-
fied inMEDLINE (validation set), 56 (7.68%) were identified
inEMBASEanda further seven (0.96%) in theWebofScience
(Fig. 4). No additional publications were found in the Co-
chranedatabases.Thismeans that 100publications (88 journal
articles and12meeting abstracts) could not be identified in any
of the aforementioned databases. The meeting abstracts could
only be identified by handsearching meeting Web sites.5. Discussion
This research provides useful new data on the performance
of epidemiologic search filters in MEDLINE and on theiologic search filters.
Relevant systematic reviews (from
2007 onwards) identified in search in
bibliographic databases
Last search on 25.11.2013
n = 63
Inadequate documentation of studies
included
n = 2
Total number of systematic reviews
extracted
n = 61
Relevant epidemiological publications
(from 2007 onwards)
n =713
Exclusion: duplicates
n = 151
Relevant epidemiological
publications (from 2007 onwards)
n = 104
Validation set
n = 566
Total number of hits
n = 880
Test set
n = 729
Dossiers for early benefit
assessment
(until 16.06.2014)
n = 69
Exclusion: not in MEDLINE
n = 163
Fig. 3. Flow diagram showing the generation of the test and validation set.
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lications.To the best of our knowledge, these data are thefirst of
their kind and fill a research gap already noted by Royle et al.
[6]. The validation of 27 filters yielded four filters suitable for
use in searches for epidemiologic publications. The ultimate
choice of filter depends on the objective of the search.5.1. Outlook
Our findings show that it is still necessary to further
develop search techniques to make systematic searches more
efficient. First, to identify epidemiologic publications, objec-
tively derived search filters, that is, filters based on a more
objective and evidence-based approach [18] should be devel-
oped and validated (see, e.g., the filter by Lunny et al. [19]).
Second, the use of additional approaches should beTable 1. Performance of epidemiologic filters
Source Filter
Strategies maximizing sensitivity
Larney et al., 2013 [15] (prevalence or incidence or epidemiol
or situation assessment or situation
surveillance or seroprevalence or se
or screening).mp. or exp epidemiol
epidemiologic studies/ or exp senti
seroepidemiologic studies/ or exp c
sectional studies/ or exp longitudin
studies/ or exp prospective studies/
Strategies minimizing the difference between sensitivity and precision
Jayawardena et al., 2012 [16] epidemiology.fs.
Orphanet, 2015 [17] epidemiology/or (incidence or prevale
Strategies maximizing precision
Royle et al., 2005 [6] (incidence or prevalence or epidemioconsidered. For instance, in the present analysis, when ex-
tracting the search syntaxes for the epidemiologic terms in
SRs, in addition to being combined with condition-specific
terms, epidemiologic terms were also combined with further
country- or population-specific search terms in 17 of the 29
SRs. However, no combinations including these types of
search terms were evaluated, but such combinations might
represent a promising option to reduce the number of hits
retrieved without affecting sensitivity too strongly (please
refer Table 2 for an example). The impact of such combina-
tions on precision, and thus on the number of hits to be
screened, should be investigated in future research. In our
example, the number of hits could be reduced by 96% with
the use of country-specific search terms for Germany.
Many epidemiologic studies are not largepopulation-based
studies of the prevalence/incidence of high-interest diseasesSensitivity (%) Precision ratio
* or survey or rapid assessment
al assessment or rar or cohort or
roincidence or seroepidemiol*
ogic methods/ or exp
nel surveillance/ or exp
ohort studies/ or exp cross-
al studies/ or exp follow-up
95.94 1
81.63 2.4
nce or epidemiology).ti,ab. 79.68 2.7
logy).ti. 48.06 7.7
77.64%
7.68%
0.96%
13.72%
MEDLINE
EMBASE
Web of Science
Handsearch
Fig. 4. Sources for identifying epidemiologic publications*. *Propor-
tion of relevant publications identified in MEDLINE and proportion
of relevant noneMEDLINE-indexed publications identified in other
sources.
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study determining the incidence of type 2 diabetes in the
United States) but are rather studies determining the inci-
dence/prevalenceof comorbid diseases/symptoms/risk factors
in smaller and more local populations (e.g., the prevalence of
heart disease in prediabetic patients attending a particular
clinic inChicago).Unfortunately, SR teamsmay only be inter-
ested in finding the large population-based studies, although
both are epidemiologic studies.
Perhaps this is the reason why it is so difficult to identify
epidemiologic data in bibliographic databases in an effi-
cient way. Our validated search filters do not provide an
answer to this general problem but are a first step toward
providing empirical evidence on how well the epidemio-
logic search filters actually perform in the real world.5.2. Further information sources
Only about three-quarters of epidemiologic publications
were indexed in MEDLINE; this value increased to approx-
imately 85% by additionally searching EMBASE. Howev-
er, approximately 14% of publications could only be
identified by handsearching meeting Web sites and regional
journals that were largely not indexed in bibliographic
databases.
Royle et al. [6] also concluded that regional databases or
journals were useful sources (e.g., the LILACS database for
Spanish and Portuguese language articles). If a sensitiveTable 2. Example search for multiple sclerosis studies in MEDLINE
(Ovid) using an optimized filter*
Number Searches Results
1 exp Multiple Sclerosis/ 47,516
2 multiple sclerosis*.ti,ab. 55,716
3 or/1-2 [Multiple Sclerosis] 63,162
4 epidemiology/ or (incidence or prevalence or
epidemiology).ti,ab.
1,053,621
5 3 and 4 4,051
6 (deutsch* or german*).ti,ab,ot,la,in. [limited
to data from Germany]
1,570,271
7 5 and 6 234
* Filter: Orphanet, 2015; search date: April 4, 2016.search is to be conducted, handsearching these sources
should therefore be considered.
5.3. Limitations
The generalizability of results is restricted because the
number of relevant and irrelevant publications only repre-
sented a rough estimate as the basis for the calculation of
sensitivity and precision. The validation set probably also
contained nonepidemiologic articles because all references
from included SRs were included in the validation set
without further assessment. In addition, an unknown num-
ber of articles retrieved by the filter and designated irrele-
vant because they were not in the validation set were
probably epidemiologic studies but excluded from the
included SRs because of geographic or other exclusion
criteria. This also probably resulted in an underestimation
of each filter’s precision.
In addition, the applicability of results to other therapeu-
tic indications is restricted as our pool of publications only
contained newer publications on three therapeutic indica-
tions; further studies with broader inclusion criteria are thus
needed.6. Conclusions
There is currently no suitable approach to conducting
efficient systematic searches for epidemiologic publica-
tions in bibliographic databases. The filter by Larney
et al. [15] can be used for sensitive searches in MED-
LINE. No robust conclusions can be drawn on precise
or optimized filters. Additional search approaches,
such as handsearching regional databases or journals
or combining epidemiologic search filters with country-
or population-specific search terms, should also be
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